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(54) Nonreciprocal circuit device and communication apparatus 

(57) A nonreciprocal circuit device (41), which 

includes a permanent magnet (16); a ferrite (20) to nc 
which a DC magnetic field is applied by the permanent 
magnet (16); a plurality of center electrodes (21-23) 
extending from a first major surface of the ferrite (20) to 
a second major surface of the ferrite (20) via side sur- 
faces of the ferrite (20); a ground plate (42) disposed on 
the second major surface side of the ferrite (20) and 
electrically connected to the plurality of center elec- 
trodes (21-23); a plurality of matching capacitors (C1- 
C3) electrically connected between the ground plate 
(42) and port sections (P1-P3) of the plurality of center 
electrodes (21-23) respectively; and at least one of the 
matching capacitors (C1-C3) being disposed such that 
the capacitor electrode face thereof and the ferrite (20) 
form an angle in a range of 60 degrees to 120 degrees. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a non recip- 
rocal circuit device. More particularly, the present inven- 
tion relates to a nonreciprocal circuit device such as an 
isolator or a circulator for use in a microwave communi- 
cation apparatus, and to a communication apparatus 
using the isolator or circulator. 

2. Description of the Related Art 

[0002] Generally, the function of a lumped-constant 
type isolator is to pass a signal only in a transmitting 
direction and to eliminate the transmission of the signal 
in the reverse direction. 

[0003] Recently, in mobile communication appara- 
tus, cost-reduction has been strongly demanded as well 
as miniaturization and weight-reduction. In such a cir- 
cumstance, miniaturization, weight-reduction and cost- 
reduction have also been demanded in an isolator. 
[0004] A lumped-constant type isolator shown in 
Fig. 10 has been proposed to meet the above demand. 
The lumped-constant type isolator 1 1 comprises a ter- 
minal case 1 3 which is made of resin and disposed on a 
lower yoke 12. The lower yoke 12 is made of magnetic 
metal and comprises right and left side walls 12a and a 
bottom wall 12b. A center electrode assembly 14 is 
accommodated in the terminal case 13 and an upper 
yoke 15 made of magnetic metal is placed thereon. 
Inside the upper yoke 15, a permanent magnet 16 is 
disposed. The permanent magnet 16 applies a DC 
magnetic field to the center electrode assembly 14. 
[0005] The center electrode assembly 14 com- 
prises a microwave ferrite 20 and three center elec- 
trodes 21 , 22 and 23 disposed on the microwave ferrite 
20. The three center electrodes 21-23 cross each other 
at angles of 120 degrees in an electrically insulated 
state. Port sections P1, P2 and P3 at first ends of the 
three center electrodes 21-23 are bent vertically and a 
shield section 26 which is common to the other ends of 
the three center electrodes 21-23 is contacted to the 
lower surface of the ferrite 20. The common shield sec- 
tion 26 substantially covers the lower surface of the fer- 
rite 20, and is connected to the bottom wall 12b of the 
lower yoke 12 through a window 13a of the terminal 
case 13. 

[0006] Input/Output electrodes 31, 32 and ground 
terminals 33, 34 are insert molded in the terminal case 
13. First ends of the Input/Output electrodes 31, 32 are 
exposed outside the side wall of the case 13, and the 
other ends thereof are exposed inside the side wall of 
the case 13, to thereby form Input/Output connecting 
sections 18a, 18b inside the case 13. Similarly, first 
ends of the ground terminals 33, 34 are exposed out- 



side the side wall of the case 1 3, and the other ends 
thereof are exposed inside the side wall of the case 1 3, 
to thereby form ground connecting electrode sections 
17a, 17b and 17c, 17d, respectively. 

5 [0007] Each of the port sections P1-P3 of the center 
electrodes 21-23 is connected to a hot-side capacitor 
electrode 1 of one of matching capacitors C1, C2 and 
C3. A cold-side capacitor electrode 2 of each of the 
matching capacitors C1-C3 is connected to the ground 

10 connecting electrode sections 17a, 17b, 17c, 17d. One 
end of a termination resistor R is connected to the hot- 
side capacitor electrode 1 of the matching capacitor C3, 
and the other end thereof is connected to the ground 
connecting electrode section 17b. That is, the matching 

15 capacitor C3 and the termination resistor R are electri- 
cally connected in parallel between the port section P3 
of the center electrode 23 and ground. Further, the port 
sections P1 and P2 are connected to the Input/Output 
connecting electrode sections 18a and 18b, respec- 

20 tively. 

[0008] In the above conventional isolator 1 1 , each 
of the matching capacitors C1-C3 must be inserted 
between one of the port sections P1-P3 and one of the 
ground connecting electrode sections 17a, 17c, 17d, 

25 respectively, while holding the capacitor in a vertical ori- 
entation. Further, it is necessary to connect the capaci- 
tor electrodes 1 , 2 of the matching capacitors C1-C3 to 
the port sections P1-P3 and the ground connecting 
electrode sections 17a, 17c, 17d by soldering. 

30 [0009] However, the isolator 11 has the problem 
that the process of inserting the matching capacitors 
C1-C3 between the port sections P1-P3 and the ground 
connecting electrode sections 17a, 17c, 17d requires 
much time and effort, because the matching capacitors 

35 C1-C3 are small in size and difficult to handle. Further, 
since the port sections P1-P3 of the center electrodes 
21-23 must be bent vertically in one of the initial steps in 
the assembly process, it is possible for the solder con- 
nection between the port sections P1-P3 and the 

40 matching capacitors C1-C3 to become unstable 
because of variations in the bend angle of the port sec- 
tions P1-P3. Moreover, it is possible for the solder to 
spill and cause a short-circuit between the hot-side 
capacitor electrodes 1 and the cold-side capacitor elec- 

45 trodes 2 of the matching capacitors C1-C3, resulting in 
a defective product. 

SUMMARY OF THE INVENTION 

so [0010] To overcome the above described problems, 
preferred embodiments of the present invention provide 
a nonreciprocal circuit device and a communication 
apparatus having high reliability, including a matching 
capacitor which is easy to assemble. 

55 [0011] One embodiment of the present invention 
provides a nonreciprocal circuit device, comprising: a 
permanent magnet; a ferrite to which a DC magnetic 
field is applied by the permanent magnet; a plurality of 
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center electrodes extending from a first major surface of 
the ferrite to a second major surface of the ferrite via 
side surfaces of the ferrite; a ground plate disposed on 
the second major surface side of the ferrite and electri- 
cally connected to the plurality of center electrodes; a 5 
plurality of matching capacitors electrically connected 
between the ground plate and port sections of the plu- 
rality of center electrodes respectively; and at least one 
matching capacitor being disposed such that a major 
surface thereof forms an angle in a range of 60 degrees 
to 1 20 degrees with a major surface of the ferrite. 
[0012] According to the above arrangement, the 
matching capacitors can be connected between the 
center electrodes and the ground plate assembled with 
the ferrite in an initial assembly step. Thus, it becomes 
possible to handle the matching capacitors integrally 
with the center electrodes, the ground plate and the fer- 
rite, as one unit. Therefore, mounting the matching 
capacitors becomes easier. 

[0013] Further, an insulator for preventing a short 
circuit may be provided in the vicinity of the portion of 
the ground plate at which the matching capacitor is con- 
nected and in the vicinity of the port section of the 
center electrode. This insulator prevents an undesirable 
solder bridge from being formed by spilled solder when 
the matching capacitor is soldered. By this, for example, 
a short-circuit between the hot-side capacitor electrode 
and the cold-side capacitor electrode of the matching 
capacitor can be prevented. 

[0014] Further, a communication apparatus accord- 
ing to the present invention has a lower manufacturing 
cost and higher reliability because the apparatus is pro- 
vided with a nonreciprocal circuit device having the 
above described arrangement. 

[0015] Also disclosed is a method of assembling 
the nonreciprocal circuit device. 

[0016] Other features and advantages of the 
present invention will become apparent from the follow- 
ing description of embodiments of the invention which 
refers to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

Fig. 1 is an exploded perspective view of a nonre- 
ciprocal circuit device of a first embodiment accord- 
ing to the present invention. 
Fig. 2 is a front view of a center electrode assembly 
of the nonreciprocal circuit device of Fig. 1. 
Fig. 3 is a plan view of the center electrode assem- 
bly of Fig. 2. 

Fig. 4 is a view explaining the assembly of the 
matching capacitors in the center electrode assem- 
bly of Fig. 2. 

Fig. 5 is a view showing the inside structure of the 
nonreciprocal circuit device of Fig. 1. 
Fig. 6 is an equivalent circuit diagram of the nonre- 



ciprocal circuit device of Fig. 1 . 
Fig. 7 is a front view of the center electrode assem- 
bly of the nonreciprocal circuit device of a second 
embodiment according to the present invention. 
Fig. 8 is a plan view of the center electrode assem- 
bly shown in Fig. 7. 

Fig. 9 is a block diagram showing one embodiment 
of a communication apparatus according to the 
present invention. 

Fig. 10 is an exploded perspective view of a con- 
ventional nonreciprocal circuit device. 

DESCRIPT I ON OF EMBODIMENTS QF THE INVEN- 
TION 

[First Embodiment, Fig. 1-Fig. 6] 

[0018] Fig. 1 shows an exploded perspective view 
of a first embodiment of a nonreciprocal circuit device of 
the present invention. The nonreciprocal circuit device 
41 is one which the present invention is applied to the 
lumped -constant type isolator 1 1 explained by referring 
to Fig. 10. As shown in Fig. 1 , the lumped-constant type 
isolator 41 comprises a lower yoke 12, a terminal case 
53 made of resin, a center electrode assembly 54, a 
permanent magnet 16 and an upper yoke. 
[0019] The lower yoke 12 is made of magnetic 
metal and comprises right and left side walls 12a and 
12b. The terminal case 53 is disposed on the lower yoke 
12, the center electrode assembly 54 is accommodated 
in the terminal case 13 and an upper yoke 15 made of 
magnetic metal is placed thereon. On the lower major 
surface of the upper yoke 15, the permanent magnet 16 
is disposed. The permanent magnet 16 applies a DC 
magnetic field to the center electrode assembly 54. A 
magnetic circuit is formed by the lower yoke 12, the 
center electrode assembly 54 and the upper yoke 1 5. 
[0020] The center electrode assembly 54 com- 
prises a microwave ferrite 20 and three center elec- 
trodes 21-23 disposed on the upper surface (first major 
surface) of the microwave ferrite 20, as shown in Fig. 2 
and Fig. 3. The three center electrodes 21 23 cross 
each other at angles of 120 degrees in an electrically 
insulated state. Port sections P1-P3 at first ends of the 
three center electrodes 21-23 are bent vertically and a 
shield section 26 which is common to the other ends of 
the three center electrodes 21-23 is contacted to the 
lower surface (second major surface) of the ferrite 20. 
The common shield section 26 substantially covers the 
lower surface of the ferrite 20. 

[0021] A ground plate 42 is disposed on the lower 
surface side of the ferrite 20 and electrically connected 
to the common shield section of the center electrodes 
21-23 by face-contact (by utilizing solder, electrocon- 
ductive adhesive, etc. if necessary). Capacitor connect- 
ing sections 42a, 42b, 42c are extended from the end 
portion of the ground plate 42 and stand so as to be par- 
allel to the port sections P1 -P3 of the center electrodes 
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21-23. The ground plate 42 is grounded by connecting it 
to the bottom wall 12b of the lower yoke 12 through the 
window 53a of the terminal case 43. 
[0022] Hot-side capacitor electrodes 1 of matching 
capacitors C1-C3 are connected to the port sections 
P1-P3 by soldering, and cold-side capacitor electrodes 
2 thereof are connected to the capacitor connecting 
sections 42a, 42b, 42c of the ground plate 42 by solder- 
ing. The matching capacitors C1-C3 are disposed such 
that the surfaces of the capacitor electrodes 1 , 2 and the 
upper surface of the ferrite 20 form an angle in a range 
from 60 degrees to 120 degrees. In the case of this first 
embodiment, the angle is set at 90 degrees. Each of the 
matching capacitors C1-C3 is a single-plate type capac- 
itor in which capacitor electrodes 1, 2 are formed on 
both surfaces of a dielectric substrate 3. 
[0023] Mounting of the matching capacitors C1-C3 
can be performed as indicated in Fig. 4, for example. 
That is, bend portions 43 are provided at the base por- 
tion of the ground plate 42 so that the device shown in 
Fig. 4 can be shaped as shown in Fig. 2. After applying 
soldering paste to the capacitor connecting sections 
42a-42c of the ground plate 42, the matching capacitors 
C1-C3 are mounted such that the cold-side capacitor 
electrodes 2 are at the underside. 
[0024] Further, after applying soldering paste on 
the hot-side capacitor electrodes 1 of the matching 
capacitors C1-C3, the ferrite 20 including the attached 
center electrodes 21-23 is mounted from above. The 
common shield section 20 of the center electrodes 21- 
23 is face-contacted to the upper surface of the ground 
plate 42, and the port sections P1-P3 are face-con- 
tacted to the hot-side capacitor electrodes 1 of the 
matching capacitors C1-C3, respectively. The solder 
paste is heated in this state, and the matching capaci- 
tors C1-C3 are soldered. Next, the capacitor connecting 
sections 42a-42c and the port sections P1-P3 are bent 
so as to dispose the matching capacitors C1-C3 with 
the surfaces of the capacitor electrodes 1 , 2 and the 
upper surface of the ferrite 20 forming an angle in a 
range of 60 degrees to 120 degrees. Accordingly, the 
center electrode assembly 54 is obtained. 
[0025] Input/Output electrodes 31, 32 and ground 
terminals 33, 34 are insert molded in the terminal case 
53. First ends of the Input/Output electrodes 31, 32 are 
exposed outside the side wall of the case 53, and the 
other ends thereof are exposed inside the side wall of 
the case 53, to form Input/Output connecting sections 
18a, 18b. Similarly, a first end of the ground terminal 33 
is exposed outside the side wall of the case 53, and the 
other end thereof is exposed inside the side wall of the 
case 53, to form ground connecting electrode section 
17b. 

[0026] As shown in Fig. 5, the center electrode 
assembly 54 and the termination resistor R are accom- 
modated in the terminal case 53 having a structure as 
described above. The port sections P1 , P2 of the center 
electrodes 21, 22 are connected to the Input/Output 



connecting electrode sections 18a, 18b by soldering, 
etc. One end of the termination resistor R is connected 
to the ground connecting electrode section 1 7b, and the 
other end thereof is connected to the hot-side capacitor 

5 electrode 1 of the matching capacitor C3. The equiva- 
lent circuit diagram of the isolator 41 is shown in Fig. 6. 
[0027] In the isolator 41 having a structure as 
described above, since the matching capacitors C1-C3 
are mounted between the port sections P1-P3 of the 

10 center electrodes 21-23 and the capacitor connecting 
sections 42a-42c of the ground plate 42 respectively, 
the matching capacitors C1-C3, the center electrodes 
21-23 and the ferrite 20 can be handled as one unit. 
According to this arrangement, the process in which the 

15 small-sized matching capacitors C1-C3, which are diffi- 
cult to handle, are mounted in a vertical plane, is elimi- 
nated, and thereby the manufacture of the isolator 41 
becomes easier. 

[0028] Further, in the first embodiment, after con- 

20 necting the matching capacitors C1-C3 to the port sec- 
tions P1-P3 and the capacitor connecting sections 42a- 
42c, the matching capacitors C1-C3 are disposed verti- 
cally by bending the port sections P1 P3 and the capac- 
itor connecting sections 42a-42c. Accordingly, 

25 compared with the conventional isolator 1 1 (see Fig. 1 0) 
in which the port section must be bent before connect- 
ing the matching capacitor, the soldering of the port sec- 
tions P1 P3 and the matching capacitors C1-C3 can be 
performed with reliability, and thereby the connection 

30 reliability is improved. 

[0029] Further, since each of the cold-side elec- 
trodes 2 of the matching capacitors C1-C3 is grounded 
via the ground plate 42, the ground connecting elec- 
trode sections 17a, 17b, 17c formed in the conventional 

35 terminal case 13 (see Fig. 10) can be omitted. Accord- 
ingly, the structure of the terminal case 53 becomes 
simple and cost-reduction can be realized. 

[Second Embodiment, Fig. 7 and Fig. 8] 

40 

[0030] A center electrode assembly 64 according to 
another embodiment of the nonreciprocal circuit device 
of the present invention is shown in Fig. 7 and Fig. 8 In 
the center electrode assembly 64, insulators 65, 66 
45 (indicated by hatching in Fig. 7 and Fig. 8) are provided 
for preventing solder bridges. 

[0031] The insulator 65 is provided on the ground 
plate 42 in the vicinity of where the matching capacitors 
C1-C3 are connected. The insulator 66 is provided in 

so the vicinity of the port sections P 1 -P3 of the center elec- 
trodes 21-23. The insulators 65, 66 prevent a solder 
bridge and thereby prevent a short-circuit between the 
hot-side electrodes 1 of the matching capacitors C1-C3 
and the ground electrode 42 or a short-circuit between 

55 the hot-side electrodes 1 and the cold-side electrodes 2. 
Further, since a solder bridge is eliminated by the insu- 
lators 65, 66, the positioning accuracy of the matching 
capacitors is improved. 
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[0032] Moreover, in the second embodiment, to 
eliminate a short-circuit between the hot-side elec- 
trodes 1 when the matching capacitors C1, C2 are held 
in a vertical orientation and the center electrodes 21, 
22, an insulator 67 is provided where the center elec- 
trodes 21, 22 and the hot-side electrodes 1 oppose 
each other. By this, an isolator having higher reliability 
can be obtained. 

[Third Embodiment, Fig. 9] 

[0033] A third embodiment of the invention will be 
explained, taking a mobile phone as an example of a 
communication apparatus of the present invention. 
[0034] Fig, 9 is a block diagram of an RF part of a 
circuit in a mobile phone 120. In Fig. 9, 122 denotes an 
antenna element, 123 denotes a duplexer, 131 denotes 
a transmission-side isolator, 132 denotes a transmis- 
sion-side amplifier, 133 denotes a transmission-side 
band-pass filter, 134 denotes a transmission-side mixer, 
135 denotes a reception-side amplifier, 136 denotes a 
reception-side inter-stage band-pass filter, 137 denotes 
a reception-side mixer, 138 denotes a voltage control 
oscillator (VCO), and 139 denotes a local band-pass fil- 
ter. 

[0035] Here, the lumped-constant type isolator of 
the first and second embodiments can be used as the 
transmission-side isolator 131. By attaching this isola- 
tor, a mobile phone with low-cost and high-reliability 
cane be realized. 

[Other Embodiment] 

[0036] The present invention is not restricted to the 
above described embodiments. It is possible to have 
various arrangements within the scope of the subject 
matter of the present invention. 

[0037] For example, in the above first and second 
embodiments, the mounting of all of the matching 
capacitors C1-C3 is longitudinal, i.e., the capacitor elec- 
trode surfaces thereof are perpendicular to the horizon- 
tal surface. However, it is not necessary to mount all of 
the matching capacitors C1-C3 longitudinally. Two of the 
matching capacitors C1-C2 may be mounted longitudi- 
nally and the other one of the matching capacitors C3 
may be mounted horizontally, in which the capacitor 
electrode surface thereof is parallel to the horizontal 
surface. That is, the advantages of the invention, such 
as saving space, reducing costs, and facilitating assem- 
bly, are obtained as long as at least one of the matching 
capacitors is disposed with the capacitor electrode face 
thereof forming an angle with the ferrite in a range of 60 
degrees to 120 degrees. 

[0038] Further, the mounting of the matching 
capacitors C1-C3 can be performed by electroconduc- 
tive adhesive instead of by soldering. The matching 
capacitors C1-C3 may be monolithic-type capacitors. 
Further, the present invention is also applicable to a 



nonreciprocal circuit device other than an isolator for 
use in other high-frequency components such as a cir- 
culator. 

[0039] As is apparent from the above description, 

5 according to the present invention, since matching 
capacitors are mounted between center electrodes 
attached to a ferrite and a ground plate, the matching 
capacitors can be treated as one unit with the center 
electrodes, the ground plate and the ferrite. Accordingly, 

10 mounting of the small-sized matching capacitors, which 
are difficult to handle, becomes easier. The matching 
efficiency of the nonreciprocal circuit device is drasti- 
cally improved, and thereby costs can be reduced. As a 
result, cost-reduction of a communication apparatus 

15 can be realized. 

[0040] Further, by providing an insulator for pre- 
venting a solder bridge at the portion of the ground plate 
where the matching capacitor is connected and in the 
vicinity of the port section of the center electrode, 

20 unnecessary short-circuits are eliminated, and thereby 
a nonreciprocal circuit device and a communication 
apparatus with higher reliability can be obtained. 
[0041] While the invention has been particularly 
shown and described with reference to preferred 

25 embodiments thereof, it will be understood by those 
skilled in the art that the foregoing and other changes in 
form and details may be made therein without departing 
from the spirit of the invention. 

30 Claims 

1. A nonreciprocal circuit device (41), comprising: 

a permanent magnet (16); 

35 a ferrite (20) to which a DC magnetic field is 

applied by the permanent magnet (16); 
a plurality of center electrodes (21-23) extend- 
ing from a first major surface of the ferrite (20) 
to a second major surface of the ferrite (20) via 

40 side surfaces of the ferrite (20); 

a ground plate (42) disposed on the second 
major surface side of the ferrite (20) and electri- 
cally connected to the plurality of center elec- 
trodes (21-23); 

45 a plurality of matching capacitors (C1 -C3) elec- 

trically connected between the ground plate 
(42) and port sections (P1-P3) of the plurality of 
center electrodes (21-23), respectively, each of 
the matching capacitors (C1-C3) having an 

so electrode (1 , 2) on a major surface thereof; and 

at least one of the matching capacitors (C1-C3) 
being disposed such that the respective major 
surface thereof and the ferrite (20) form an 
angle in a range of 60 degrees to 120 degrees. 

55 

2. The nonreciprocal circuit (41) device according to 
claim 1, further comprising an insulator (65) dis- 
posed in the vicinity of the ground plate (42) and 
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said at least one matching capacitor (C1-C3) so as 
to prevent a solder bridge between the ground plate 
(42) and said at least one matching capacitor (C1- 
C3) due to spilled solder. 

5 

3. The nonreciprocal circuit device (41) according to 
claim 1 or 2, further comprising an insulator (66) 
disposed in the vicinity of the port section (P1-P3) 
of the center electrode (21-23) corresponding to 
said at least one matching capacitor (C1-C3), for 10 
preventing a solder bridge between said port sec- 
tion (P1-P3) and said at least one matching capac- 
itor (C1-C3) due to spilled solder. 

4. A communication device (120) comprising: 15 

a high-frequency circuit comprising at least one 
of a transmission circuit and a reception circuit; 
and 

connected to said high-frequency circuit, a 20 
nonreciprocal circuit device (41) comprising: 
a permanent magnet (41); 
a ferrite (20) to which a DC magnetic field is 
applied by the permanent magnet (16); 
a plurality of center electrodes (21-23) extend- 25 
ing from a first major surface of the ferrite (20) 
to a second major surface of the ferrite (20) via 
side surfaces of the ferrite (20); 
a ground plate (42) disposed on the second 
major surface side of the ferrite (20) and electri- 30 
cally connected to the plurality of center elec- 
trodes (21-23); 

a plurality of matching capacitors (C1-C3) elec- 
trically connected between the ground plate 
(42) and port sections (P1-P3) of the plurality of 35 
center electrodes (21-23), respectively, each of 
the matching capacitors (C1-C3) having an 
electrode (1 , 2) on a major surface thereof; and 
at least one of the matching capacitors (C1-C3) 
being disposed such that the respective major 40 
surface thereof and the ferrite (20) form an 
angle in a range of 60 degrees to 120 degrees. 

5. The nonreciprocal circuit device (41) according to 
claim 5 ( further comprising an insulator (65) dis- 45 
posed in the vicinity of the ground plate (42) and 
said at least one matching capacitor (C1-C3) so as 

to prevent a solder bridge between the ground plate 
(42) and said at least one matching capacitor (C1- 
C3) due to spilled solder. 50 

6. The nonreciprocal circuit device (41) according to 
claim 4 or 5, further comprising an insulator (66) 
disposed in the vicinity of the port section (P1-P3) 

of the center electrode (21-23) corresponding to 55 
said at least one matching capacitor (C1-C3), for 
preventing a solder bridge between said port sec- 
tion (P1-P3) and said at least one matching capac- 



itor (C1-C3) due to spilled solder, 

7. A unitary center electrode assembly for a nonrecip- 
rocal circuit device (41), comprising: 

a ferrite (20); 

a plurality of center electrodes (21-23) extend- 
ing from a first major surface to a second major 
surface of the ferrite (20) via side surfaces of 
the ferrite (20); 

a ground plate (42) attached to the second 
major surface side of the ferrite (20) and electri- 
cally connected to the plurality of center elec- 
trodes (21-23); 

a plurality of matching capacitors (C1-C3) 
attached and electrically connected between 
the ground plate (42) and port sections (P1-P3) 
of the plurality of center electrodes (21-23), 
respectively, each of the matching capacitors 
(C1-C3) having an electrode on a major sur- 
face thereof; and 

at least one of the matching capacitors (C1-C3) 
being disposed such that the respective major 
surface thereof and the ferrite (20) form an 
angle in a range of 60 degrees to 120 degrees. 

8. A unitary center electrode assembly as claimed in 
claim 7, wherein said ground plate (42) has a bend 
portion (43) between said ferrite (20) and said at 
least one matching capacitor (C1-C3), so as to sup- 
port said at least one matching capacitor (C 1 -C3) at 
said angle with respect to said ferrite (20). 

9. A method of assembling a central electrode assem- 
bly (54, 64) for a nonreciprocal circuit device (41), 
comprising the steps of: 

providing a ferrite (20); 

attaching to the ferrite (20) a plurality of center 
electrodes (21-23) extending from a first major 
surface to a second major surface of the ferrite 
(20) via side surfaces of the ferrite (20); 
attaching a ground plate (42) to the second 
major surface side of the ferrite (20) and electri- 
cally connecting said ground plate (42) to the 
plurality of center electrodes (21 -23); 
bending a portion (43) of said ground plate (42) 
to define an angle of 60 degrees to 120 
degrees with respect to said second major sur- 
face of said ferrite (20); 

electrically connecting a plurality of matching 
capacitors (C1-C3) between said ground plate 
(42) and port sections (P1-P3) of the plurality of 
center electrodes (21-23), respectively, each of 
the matching capacitors (C1-C3) having an 
electrode on a major surface thereof; and 
at least one of the matching capacitors (C1-C3) 
being disposed on said bent ground plate por- 



10 



15 



20 



25 



30 



35 



6 



11 



EP 1 047 148 A2 



tion (43) such that the respective major surface 
thereof and the ferrite (20) form an angle in a 
range of 60 degrees to 120 degrees. 
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FIG. 1 
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FIG. 2 
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FIG. 7 
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FIG. 10 
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